T HE PRESENCE OF ELEVATED
blood glucose levels, diabetes mellitus, or both contributes to more than 3 million cardiovascular deaths worldwide each year. 1 With the increase in obesity, insulin resistance, and the metabolic syndrome, the worldwide prevalence of diabetes is expected to double by the year 2030. [2] [3] [4] This burgeoning diabetes epidemic will increase the burden of cardiovascular disease attributable to diabetes.
In the United States, one-third of the population born in 2000 will develop diabetes, with an estimated 30% reduction in life expectancy, mostly related to atherosclerosis. 5, 6 More than 1.5 million adults in the United States were newly diagnosed with diabetes in 2005 alone. 7 Nearly 65% of individuals with diabetes die from cardiovascular disease in the United States, establishing it as the leading cause of death among this growing segment of the population. 8 More than 30 years ago, the Framingham Heart Study followed 239 patients with diabetes and observed a 3-fold increase in age-adjusted cardiovascular mortality. 9 Subsequent studies demonstrated patients with type 2 diabetes without prior myocardial infarction (MI) have a similar risk of death from coronary artery disease as patients without diabetes with prior MI. 10 Diabetes is now considered to be a risk equivalent of coronary artery disease for future MI and cardiovascular death. 11 The acute and long-term management of acute coronary syndromes (ACS) does not differ for persons with diabetes, yet previous studies have suggested patients with diabetes have not had a similar reduction in cardiovascular mortality as patients without diabetes despite receiving modern therapies. 12, 13 In addition to being a risk factor for the development of coronary disease, diabetes influences outcomes following ACS. Subgroup analysis of patients with diabetes with ST-segment elevation MI (STEMI) in the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO-1) trial 14 demonstrated significantly higher allcause mortality at 30 days compared with patients without diabetes (10.5% vs 6.2%). Similarly, the Organization to Assess Strategies for Ischemic Syndromes (OASIS) registry 15 of patients with unstable angina/non-STEMI (UA/NSTEMI) observed an increased rate of post-MI complications and mortality among patients with diabetes compared with patients without diabetes (odds ratio [OR], 1.57) during 2 years of follow-up. Both the GUSTO-1 and OASIS studies were conducted more than 10 years ago in a different era of coronary care and before the modern definition of diabetes. Moreover, a large, prospective multinational registry, Global Registry of Acute Coronary Events (GRACE), 16 revealed inhospital case fatality rates for patients with diabetes with ACS were almost twice as high as those of patients without diabetes. In this same registry, however, diabetes was not a significant risk score predictor of 6-month postdischarge death or MI for patients hospitalized with an ACS. 17, 18 The independent association of diabetes with mortality following ACS in the present era of coronary care remains uncertain. Our study evaluated the independent effect of diabetes on mortality following ACS at 30 days and 1 year from a large clinical trial database spanning the full spectrum of ACS.
METHODS

Patient Population
Patients in our analysis were pooled from 11 independent Thrombolysis in Myocardial Infarction (TIMI) Study Group clinical trials. The methods of each individual trial has been previously reported. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] The number of patients enrolled in each trial, type of ACS evaluated, prespecified duration of follow-up, and randomized interventions are summarized in TABLE 1. Trials were included in the pooled analysis if they began enrollment after 1997 when the American Diabetes Association created the latest guidelines for the diagnosis of diabetes mellitus. 30 Pooled trials also had to be completed by 2006, to collect information on both ACS and diabetes status, and must have included at least 30 days of clinical follow-up (FIGURE 1).
30,31
This established a cohort of 62 036 patients from 55 countries and more than 900 clinical sites. Each patient gave written informed consent to participate in a clinical trial and none were enrolled in more than 1 TIMI trial. Observations began at trial randomization following the index coronary event and each patient was followed up until cessation of the trial or death.
Definitions
Study participants were classified as having diabetes or not having diabetes by self-report, then stratified by ACS type. Patients who controlled The index ACS event was further characterized by systolic blood pressure and heart rate at enrollment, creatinine clearance, location of infarction if STEMI, Killip class, and TIMI risk index. The TIMI risk index is a triage tool to risk stratify patients at presentation with ACS using heart rate, age, and systolic blood pressure, and has been validated in both STEMI and UA/ NSTEMI. 32, 33 In-hospital treatment included fibrinolytics, glycoprotein IIb/ IIIa inhibitors, thienopyridines, aspirin, ␤-blockers, ACE inhibitors or ARBs, and hypolipidemic therapy, as well as revascularization by percutaneous coronary intervention or CABG surgery. Coronary angiography was performed among a subset of study participants according to individual trial design or at the discretion of the treating physician. Major epicardial coronary arteries were considered diseased if they had 70% or more stenosis. Multivessel disease was defined as 70% or more stenosis in at least 2 major epicardial arteries or 50% or more stenosis of the left main coronary artery. Discharge medications were examined to determine if there were disparities in management between patients with and without diabetes after the ACS event.
Main Outcome Measures
The coprimary outcomes measured were 30-day and 1-year post-ACS mortality. Mortality rates were compared between patients with diabetes and patients without diabetes in all patients with ACS, and then derived separately for patients with UA/NSTEMI and STEMI. After multivariable adjustment, the risk of all-cause mortality based on the presence of diabetes was calculated.
Statistical Methods
All analyses were performed in 3 populations: all patients with ACS, patients with UA/NSTEMI, and patients with STEMI. Mortality rates at 30 days were calculated for patients with and without diabetes and then stratified by baseline characteristics, features of the index ACS event, and ACS management. These groups were compared using the Pearson 2 test for categorical variables and the Kruskal-Wallis test for continuous variables. Candidate covariates for entry into the multivariable model were identified by focusing on factors that differed significantly (P Ͻ .05) in the univariate analyses between patients with and without diabetes. All analyses were performed using Stata version 9.2 (StataCorp LP, College Station, Texas).
Logistic regression was used to construct the 30-day mortality model. The ORs for mortality at 30 days were adjusted for age, sex, region of enrollment, smoking status, history of hypertension, prior MI, congestive heart failure, CABG surgery, heart rate, systolic blood pressure, creatinine clearance, use of aspirin, ␤-blockers, ACE inhibitors or ARBs, hypolipidemic therapy before randomization, and the administration of aspirin, ␤-blockers, ACE inhibitors or ARBs, glycoprotein IIb/IIIa inhibitors, thienopyridines, and hypolipidemic therapy during hospitalization for ACS.
A separate multivariable model was generated for 1-year mortality using Cox proportional hazards regression models. At 1 year, the use of aspirin, ␤-blockers, ACE inhibitors or ARBs, thienopyridines, and hypolipidemic therapy at time of discharge was added into the model. Infarct location and administration of fibrinolytics were also included in the STEMI models. A term was introduced for each individual TIMI trial to account for intertrial variability. These multivariable models had the power to accommodate these variables given the large number of outcome events. 34 Survival analysis through the first year following ACS was performed using the Kaplan-Meier method. Mortality curves were generated separately for patients with and without diabetes with either STEMI or UA/ NSTEMI, and then compared using the log-rank test. An interaction of diabetes on mortality by ACS type was tested at the prespecified time points of 30 days and 1 year following ACS presentation. The numbers at risk are included to indicate the completeness of follow-up through 1 year, which was primarily determined by the individual trial design.
A landmark analysis was performed between 30 days and 1 year. Landmark analysis is a form of survival analysis that classifies patients based on an intermediate event during follow-up, and prognosis is then evaluated from that time point. The 
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©2007 American Medical Association. All rights reserved. landmark used in our analysis was survival at 30 days to discriminate the early vs longer-term influence of diabetes. Patients who survived 30 days after the index ACS event were evaluated for mortality through 1 year on the basis of diabetes status and type of ACS.
RESULTS
Baseline Characteristics
Of the 62 036 patients in this analysis, 46 577 presented with STEMI and 15 459 with UA/NSTEMI. In total, 10 613 patients (17.1%) had diabetes ( Table 1) . Baseline characteristics at the time of ACS for patients with and without diabetes are shown in TABLE 2. Consistent with prior observations, patients with diabetes at ACS presentation were older, more often women, had higher body mass index (calculated as weight in kilograms divided by height in meters squared), and were more likely to have a history of hypertension, known hyperlipidemia, MI, CABG surgery, and heart failure compared with patients without diabetes. However, patients with diabetes were less likely to be current smokers. Patients with diabetes had a higher TIMI risk index, especially those patients with STEMI, and were more likely to have heart failure (Killip classes 2-4) at ACS presentation. There was little difference in creatinine clearance between patients with and without diabetes. The majority of patients with UA/ NSTEMI were enrolled in North America whereas the patients with STEMI were predominantly from regions other than North America ( Table 2 ). Furthermore, there was a higher prevalence of diabetes at enrollment in North American sites compared with sites in other regions of the world. Patients with UA/NSTEMI had 
Ͻ.001
Abbreviations: ACS, acute coronary syndromes; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CABG, coronary artery bypass graft; IQR, interquartile range; MI, myocardial infarction; STEMI, ST-segment elevation MI; UA/NSTEMI, unstable angina/non-STEMI. SI conversion factor: To convert creatinine clearance to mL/s, multiply by 0.0167. a Other includes Argentina, Australia, Belarus, Brazil, Bulgaria, Chile, China, Colombia, Costa Rica, Croatia, Czech Republic, Estonia, Hong Kong, Hungary, India, Israel, Jordan, Korea, Latvia, Lebanon, Lithuania, Malaysia, New Zealand, Poland, Romania, Russia, South Africa, Singapore, Slovakia, Slovenia, Taiwan, Thailand, Turkey, Ukraine, Uruguay, and Venezuela. b Current smokers are patients self-identified as currently smoking tobacco, irrespective of length of smoking history or number of packs per day. c The range of scores for TIMI risk index for all patients with ACS are 3.3 to 107.5 for patients with diabetes and 1.6 to 131.2 for patients without diabetes; for patients with UA/NSTEMI, 4.0 to 80.8 with diabetes and 1.7 to 120.1 without diabetes; and for patients with STEMI, 3.3 to 107.5 with diabetes and 1.6 to 131.2 without diabetes. d Killip class is a grading system of heart failure at ACS. Class 1 is defined as the absence of rales over the lung fields and the absence of an S3; class 2, the presence of rales, does not clear with coughing, over one-half or less of the lung fields or the presence of an S3; class 3, the presence of rales, does not clear with coughing, over more than half the lung fields; and class 4, cardiogenic shock.
diabetes more often than those presenting with STEMI (22.4% vs 15.4%, P Ͻ .001). The UA/NSTEMI population also had significantly more comorbid conditions than the STEMI population, including an increased prevalence of hypertension, known hyperlipidemia, prior MI, and a history of heart failure.
Therapies for ACS
Medical therapies prerandomization, inhospital, and at discharge along with revascularization rates during the index hospitalization for both patients with and without diabetes are shown in The unadjusted 30-day mortality risk for patients with diabetes was consistently higher than for patients without diabetes across key subgroups in the UA/NSTEMI and STEMI cohorts (FIGURE 2). Patients older than 75 years, with Killip classes 2-4, decreased creatinine clearance, and increased TIMI risk index had the highest absolute mortality at 30 days regardless of whether they had STEMI or UA/NSTEMI. There was no significant interaction between diabetes status and type of ACS at 30 days. There was also no significant difference in 30-day mortality between patients with diabetes taking insulin and those not taking insulin before ACS among both STEMI (7.8% vs 8.7%, P = .26) and UA/NSTEMI (2.4% vs 1.8%, P = .31) cohorts.
After multivariable modeling, the independent risk conferred by diabetes at 30 days among patients with UA/ NSTEMI was higher (OR, 1.78; 95% confidence interval [CI], 1.24-2.56) Abbreviations: ACS, acute coronary syndromes; CI, confidence interval; HR, hazard ratio; OR, odds ratio; STEMI, ST-segment elevation myocardial infarction; UA/NSTEMI, unstable angina/non-STEMI. a Reported as Kaplan-Meier event rates at 12 months (360 days). b Adjusted for age, sex, region of enrollment, smoking status, history of hypertension, prior myocardial infarction, congestive heart failure, coronary artery bypass graft surgery, systolic blood pressure, heart rate, creatinine clearance at enrollment, use of aspirin, ␤-blockers, angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor blockers (ARBs), hypolipidemic therapy before randomization, and the administration of aspirin, ␤-blockers, ACE inhibitors or ARBs, glycoprotein IIb/IIIa inhibitors, thienopyridines, and hypolipidemic therapy during hospitalization for ACS. Infarct location and administration of thrombolytics were also included in the STEMI model. c Aspirin, ␤-blockers, ACE inhibitors or ARBs, thienopyridines, and hypolipidemic therapy at time of discharge were added into the model. than among patients with STEMI (OR, 1.40; 95% CI, 1.24-1.57) ( Table 5 ). Results were similar with the inclusion of body mass index, Killip class, known prior hyperlipidemia, or a term for the individual trial interventions in the model.
Mortality at 1 Year
Mortality at 1 year was significantly higher among patients with diabetes than in patients without diabetes presenting with UA/NSTEMI (7.2% vs 3.1%, P Ͻ .001) or STEMI (13.2% vs 8.1%, PϽ.001) (FIGURE 3) . The unadjusted risk of death at 1 year associated with diabetes among patients presenting with UA/NSTEMI was higher (hazard ratio [HR], 2.24; 95% CI, 1.86-2.70; PϽ.001) than among patients presenting with STEMI (HR, 1.64; 95% CI, 1.51-1.78; P Ͻ .001), with a significant interaction between diabetes and ACS type on mortality (P=.004) (Figure 3) .
There was an early mortality risk associated with STEMI among both patients with and without diabetes. However, mortality during the first year following ACS accrued at a higher rate among patients with diabetes and presenting with UA/NSTEMI than with STEMI. In a landmark analysis between 30 days and 1 year, there was an interaction between diabetes status and ACS type on mortality (P=.049). By 1 year following ACS, patients with diabetes and presenting with UA/ NSTEMI had a mortality that approached patients without diabetes and presenting with STEMI (7.2% vs 8.1%).
At 1 year, diabetes remained a significant independent factor associated with all-cause mortality for patients presenting with UA/NSTEMI (HR, 1.65; 95% CI, 1.30-2.10) and for patients presenting with STEMI (HR, 1.22; 95% CI, 1.08-1.38) ( Table 5 ).
COMMENT
Our analysis demonstrates a statistically robust association between diabetes at time of presentation with ACS and all-cause mortality at 30 days and at 1 year, even after adjusting for baseline characteristics as well as features and management of the index event. Despite advances in the treatment of ACS, the magnitude of excess mortality among patients with diabetes was considerable and observed among all of the major subgroups within both the UA/NSTEMI and STEMI populations.
Diabetes had an even greater adverse impact on long-term mortality following UA/NSTEMI than STEMI. The burden of cardiovascular risk inherent among the patients presenting with UA/NSTEMI marked the index ACS presentation as a sentinel event in a chronic, progressive course that was more accelerated among patients with diabetes. By 1 year, the mortality of patients with diabetes presenting with UA/ NSTEMI approached that of patients without diabetes presenting with STEMI. As demonstrated in our study, the UA/NSTEMI population is enriched with this high-risk diabetic population.
Our study was systematically conducted from prospectively collected data within the context of a randomized clinical trial. We analyzed patients from centers throughout the world implementing modern therapies across the full spectrum of ACS. Our findings extend prior observations on the adverse effect of diabetes on STEMI from the GUSTO-1 data and from the OASIS registry of patients with UA/NSTEMI. The GRACE multinational registry also demonstrated diabetes at ACS to be a significant contributor to in-hospital and 6-month out-of-hospital mortality. Diabetes did not meet criteria for inclusion in the GRACE risk prediction tool, which excluded in-hospital mortality and was by necessity simplified to maintain its utility. 18 Diabetes status, however, was included in the TIMI risk scores for both UA/NSTEMI and STEMI. 35, 36 Neither score attempted to quantify the independent impact of diabetes at the ini- tial presentation with ACS. By pooling these 11 TIMI trials with a large cumulative number of outcome events, we had the statistical power to determine the independent effect of diabetes on all-cause mortality.
Therapeutic Implications
The magnitude of risk conferred by diabetes following ACS demands a major research effort to reduce the influence of diabetes on coronary artery disease. 37 Reducing coronary risk from diabetes requires a multifactorial approach to manage all atherogenic influences. 38 Longterm, targeted, intensive use of proven therapies for the traditional coronary risk factors must be widely promoted for patients with diabetes, particularly following ACS. As with lipids levels, more stringent targets for patients with diabetes may be better all around.
In the United States, a reduction in coronary deaths has been observed during the past 2 decades from the prevention and modification of high blood pressure, high cholesterol, and tobacco use. But these gains have been partially offset by the increased burden of cardiovascular disease attributable to diabetes. 39 There must be ongoing reevaluation of traditional guidelines for diabetes management to further mitigate this critical, independent risk factor. Collaboration between medical societies, national health care organizations, and industry will be vital to halt the epidemic of diabetes-related cardiovascular disease. 42, 43 Novel targets for diabetes management in patients with coronary artery disease must be identified and tested. For example, glucagon-like peptide-1 receptor agonists reduce both fasting and postprandial glucose concentrations and may even improve myocardial function following an acute MI, as demonstrated in a small, nonrandomized pilot study. 44 Such agents are worthy of investigation in large, longitudinal clinical trials to assess their efficacy on cardiovascular end points.
An important ongoing clinical trial, Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D), 45 will study whether insulin replacement or an insulin-sensitizing agent will improve mortality following ACS among patients with diabetes. This study will also compare medical management and revascularization in patients with diabetes with multivessel coronary artery disease. Meanwhile, the FREEDOM trial will provide data to guide the choice between percutaneous coronary intervention and CABG surgery among patients with diabetes requiring revascularization. 46 
Study Limitations
Our analysis has several limitations. The database merged several clinical trials and intertrial variability in care could have influenced patient enrollment, administered therapies, and outcome. We focused on a subgroup of patients with diabetes that was not prespecified at the individual trial design. Fasting glucose measurements were not universally collected, so our study was unable to evaluate the subgroup of patients who had previously unrecognized diabetes, which might have been discovered during the qualifying presentation. 47 It is also possible that each site enrolling patients had adopted varying diagnostic guidelines for diabetes. 48 These factors, along with diabetes definition by self-report, could bias the risk assessment of diabetes to the null. We were unable to assess the type and duration of diabetes, features of diabetes management, and degree of glycemic control. Measurement of glycated hemoglobin, serial blood glucoses during ACS, or insulin resistance may identify a gradient of risk among patients with diabetes with coronary artery disease. 49, 50 Cause of death data was not available for each patient so it was impossible to determine whether reinfarction, stroke, cardiovascular death, or noncardiovascular death was driving mortality in the first year following ACS.
CONCLUSION
Despite modern therapies for ACS, diabetes conferred a significant independent excess mortality risk at 30 days and 1 year following ACS. Current strategies are insufficient to ameliorate the adverse impact of diabetes. Given the increasing burden of cardiovascular disease attributable to diabetes worldwide, our study highlights the need for a major research effort to identify aggressive new strategies to manage unstable ischemic heart disease among this high-risk population.
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